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ABSTRACT OF THE DISCLOSURE 
A column for the exchange of ?uid ?owing through 

packing elements contained in the column and for the uni 
form repartition of the ?uids over each packing element. 
Each of the packing elements includes a body of packing 
material having a porous intricate structure and at least 
one partition wall dividing the material into a plurality of 
thin longitudinal strips to suppress the radial components 
of the ?owing ?uids. The packing elements are supported 
by at least one redistribution platform sealing held in the 
column, which platform has means for spacing the packing 
elements from the platform so as to de?ne a reservoir for 
?uid therebetween. 

The present invention relates to ?uid exchangers and 
particularly to exchangers of the column type. 

In a vertical exchange chamber, or column, when it is 
desired to effect a transfer of material between two phases 
under the best possible conditions, it is necessary to in 
crease the contact area between the two phases while 
maintaining the surface levels of the concentrations ?at 
and perpendicular to the axis of the columns. 

Furthermore, it is necessary to obtain an increased tem 
perature gradient for these concentrations along this axis, 
while permitting only a small pressure drop. 

In a distillation column, the surface levels of the con 
centrations should be the horizontal surfaces along which 
the liquid and the vapor are in equilibrium. In order that 
the column operates effectively, it is necessary that any 
two equilibrium surfaces (corresponding to the separa 
tion of the mixture by a theoretical plate) be as close as 
possible. 

In present devices, it is common that preferential paths 
for the two phases will be established along the column. 
This arrangement prevents a large portion of the poten 
tial exchange region from participating in the exchange 
process because it experiences an excessively rapid vapor 
current or, on the other hand, because it is ?ooded by 
large masses of liquid. In either case, the two phases are 
not in contact in these regions and the portions of the heat 
exchange region in which these ?ow conditions are es 
tablished, are not fully utilized. In general, such a condi 
tion is uncorrectable and if it appears at a given point, 
it will continue to exist from that point onward. 

Experience has shown that certain speci?c conditions 
must exist for the e?icient operation of a jacketed ex 
changer column. Firstly, the structure of the exchange 
region must be such as to present a large surface area per 
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they should be easy to install in the column and should 
be resistant to chemical changes during the operation of 
the exchanger. 

In so far as concerns the conditions under which an 
exchanger should be put into operation, the device can 
only achieve maximal effective operation if certain condi 
tions are ful?lled. A uniform distribution of the liquid 
phase must be assured at the top of the column, below the 
level of the input to the device. A uniform distribution of 
the velocities of the gaseous phase must be had below the 
packing structure. There must be a means to restore the 
uniform distribution of both phases at any point where it 
might be upset by an external cause such as: change in 
cross-section, addition of secondary piping, insertion of 
measuring devices etc. Finally, all possibility of the crea 
tion of a preferential path must be eliminated by the pro 
vision of means adapted to effect a redistribution of both 
phases after the traversal of a certain length of the ex 
change structure. 

The present invention provides structure which elimi 
nates the shortcomings of the prior exchange units by con 
forming with the conditions set forth in the two preceding 
paragraphs and by eliminating the possibility of the initia 
tion of two phenomena which have been discovered dur 
ing the course of tests and which contribute in a large 
measure to a reduction in the e?iciency of prior art ex 
change packings. 

These phenomena are: 
The existence of radial components of phase ?ow ve 

locity; and 
The progressive concentration of the liquid phase, along 

its ?ow path, into a region having a small cross-sectional 
area perpendicular to the length of the column, after the 
liquid has traversed a certain portion of the packing. These 
phenomena substantially contribute to the creation of pref 
erential paths for the two phases. 

In accordance with this invention, the packing elements, 
which consist of solid elements having intricate structures 
through which the ?uids ?ow, are divided into thin ver 
tical slices by at least one partition which serves to elimi 
nate the radial components of the ?ow velocities of the 
?uids and which urges these ?uids into vertical paths. The 
exchange or packing elements thus formed are combined 
with a plurality of platforms, each of which has a plu 
rality of passages passing therethrough, each passage being 
reserved for one or the other of the ?uids, and all of the 
passages being distributed in the most regular fashion pos 
sible across the surface of each platform. These platforms 
can be disposed not only in the upper portion of the 
column, but also between two groups of exchange ele 

‘ ments in such a way as to support the elements disposed 
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thereabove. 
According to one form of the present invention, which 

has been found to be particularly satisfactory, the solid 
packing elements are formed by a sheet or fabric of multi 

‘ ple interwoven corrugated wires or threads. In the de 
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unit volume and this surface area must be uniformly dis- ‘ 
tributed throughout the exchange region. Moreover, this 
structure should be arranged so as to be able to divide up 
and spread out any local overconcentration in the ?ow of 
either phase (local self-repartition). The column packing 
elements should produce small pressure losses and should 
be capable of utilisation over a wide range of 
?ow rates. They should be in a form which is readily 
adjustable and which is resistant to the various mechani— 
cal deformation forces which are likely to exist. Finally, 
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scription to follow, reference will be speci?cally made to 
an exchange device, but this is intended to be illustrative 
and not limitative. 

Various other characteristics of the present invention 
will become readily apparent from the following detailed 
description of various embodiments of the present inven 
tion. 

These various embodiments are shown in the accom 
panying drawings in which: 

' FIG. 1 is a longitudinal cross-sectional view of a dis 
tillation column employing the exchange packing struc 
ture of the present invention; 

FIG. 2 is an axial crosssectional view, taken along 
the plane 11-11 of FIG. 1, to an enlarged scale, show 
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ing one form of exchange packing element of the present 
invention; - 

FIG. 3 is a perspective view showing the exchange 
packing element of FIG. 2 at an intermediate point in its 
fabrication; 

FIG. 4 is an axial cross-sectional view, similar to that 
of FIG. 2, showing a second embodiment of applicants’ 
novel exchange packing element; 

FIG. 5 is a perspective, partially cut-away view of the 
element of FIG. 4 at an intermediate point in its fabrica 
tlon; 

FIG. 6 is an axial cross-sectional view of the column 
of FIG. 1, taken along plane VI~—VI of FIG. 1 and to 
an enlarged scale, illustrating one form of ?ow redistrib 
uting platform for use between exchange elements: 

FIG. 7 is a longitudinal cross-sectional view, taken 
along the plane VII—VII of FIG. 6, showing a portion 
of the exchange column; 
FIG. 8 is a cut-away cross-sectional view, showing a 

portion of a second type of ?ow-distributing platform, 
FIG. 9 is a cut-away perspective view showing an ex 

change element of the column, performing as a mist elimi 
nator. 

Referring ?rst to FIG. 1, there is shown a distillation 
column representing one type of device readily adapted 
to be equipped with the exchange means of the present 
invention. This column is constituted by a series of aligned 
tubular envelope segments 1, fastened together by mat 
ing ?anges, a dome-shaped upper cover element 2, and 
a cup-shaped base 3. 

Within these segments are stacked a series of packing 
elements 4, each being separated into groups of several 
elements by ?ow-redistributing platforms, several of 
which, designated by the reference numeral 5 and shown 
in detail in FIGS. 6 and 7, are simply interspersed be 
tween successive groups of elements, and others of which, 
designated by the reference numeral 6 and shown in FIG. 
8, are attached between the connecting ?anges of two 
adjacent envelope segments 1. Between the uppermost 
cylindrical envelope segment and upper cover element 
2 is attached a distribution platform 7 which is struc 
turally analogous to redistribution platforms 6. Finally 
a packing element 8, specially adapted to the requirements 
created by its location, is housed in the upper end of base 
3, below the lowest redistributor platform 6, so as to con 
stitute a means for suppressing the formation of or for 
removing drops of liquid suspended in the gaseous phase. 
The packing elements 4 and 8, as well as the platforms 

5, 6 and 7, form the basic structure embodying the pres 
ent invention. But, for the sake of clarity all of the opera 
tions of which a distillation column is capable will be de 
scribed below without going into the details of how to 
perform these operations. 
The above-mentioned operations comprise: absorption; 

cleaning; liquid-to-liquid extraction; division between two 
liquid phases; humidifying of gas, drying of vapor; plac 
ing two vapor phases in contact; reheating of a gas (in 
which case the packing elements are disposed in a heat 
ing jacket); placing of the various phases in contact in 
the presence of catalysts, and drying of a vapor contain 
ing drops of liquid. 

It has been found that better results are obtained by 
dividing the solid bodies of intricate con?guration into 
thin vertical slices, each slice forming one heat exchange 
element 4. These bodies are preferably formed by a 
sheet having a plurality of wires or threads which are 
interwoven and either corrugated or crimped. 

According to a ?rst embodiment of the invention shown 
in FIGS. 2 and 3, the partition is constituted by a con 
tinuous strip 9 which is more or less rigid and imper 
meable. This partition strip and at least one woven strip 
(two woven strips 10 appear in these ?gures) are rolled 
together into a spiral having a uniformly increasing rad 
ius. There is thus formed a passage having a spiral cross 
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section occupied by the woven strips and through which 
the two phases ?ow. - 

According to one variation of this embodiment which 
is not shown in the drawings, the partition is made up 
of a plurality of cylindrical sleeves arranged concentrically 
and between which are interposed cylindrical sleeves of 
woven, corrugated strips. 

According to a second embodiment of the packing ele 
ment as shown in FIGS. 4 and 5, the partition is con 
stituted by a plurality of semi-rigid, impermeable or semi 
impermeable sheets 11, interposed between successive 
layers 12 of woven corrugated sheets. Each layer 12 may 
comprise one or several sheets and in the case of several 
sheets, the sense of the corrugations of one sheet may 
differ from that of the adjacent sheet. 

In order for these elements to function effectively, it 
is necessary that the distance between two successive par 
titions, or two successive turns of the spiral partition of 
FIGS. 2 and 3, be relatively small with respect to the 
diameter of the column. The partitions will then serve to 
eliminate the radial components of the instantaneous flow 
speeds of the fluids at any point and restore the ?ow to 
a two dimensional phenomenon (tangential and longi 
tudinal). 

These vertical partitions thus channel the ?ow of the 
vapor and the liquid and thereby promote their tendency 
to encounter one another. As a practical matter, they 
permit a column in industrial use to be treated as a paral 
lel assembly of a large number of small-diameter col 
umns. 
The partitioning of the present invention thus permits 

the assurance of a rigorous uniformity of the packing 
structure, because one need only, during the construc 
tion of elements 4, exercise a precise control over the dis 
tance existing between successive layers. Since the layers 
are uniformly spaced (spirally, concentrically or in a 
planar manner), they assure a uniform division of the 
exchange surfaces throughout the entire volume of the 
packing element and a uniform distribution of the zones 
wherein the ?uids are retained. 

It thereby results that each packing element 4 is per 
fectly homogeneous on a macroscopic scale, which con 
dition is necessary for the avoidance of local deviations 
in ?ow-rate, such deviations being capable of rapidly 
producing preferential ?uid paths along which would 
flow rapidly increasing quantities of ?uids. 

Moreover, tests have positively shown that, with the 
structure of the present invention, the variations from 
one point to another in a plane perpendicular to the 
direction of ?uid flow are reduced to one-?fth of the 
value which they would have if vertical partitions were 
not provided in packing units 4. There is thus obtained 
a considerable reduction in the “equivalent height of a 
theoretical plate (E.H.T.P.),” without any accompanying 
increase in the pressure drop across each packing unit. 
The edges of the partition or partitions may be smooth, 

notched, scalloped, etc. . . . in the latter case such edges 
can serve to aid the ?tting together of two adjacent pack 
ing units 4. 

These partitions may be constituted by an impermeable 
porous or semi-permeable material. In the latter case 
they may be made of a fabric which is woven, molded 
or expanded, or of a metal sheet which is perforated or 
cut, etc., so that it will aid the exchanges by permitting 
a diffusion between one layer of corrugated packing ma 
terial and another, while at the same time carefully con 
trolling the magnitude of the diffusion. 
The surfaces of the partitions could be smooth (of 

laminated metal sheets, for example), rough (metal sheets 
of rough texture or which have been chemically pitted, 
for example) or specially ?nished (metal which has been 
wa?ied, stamped, honeycombed, etc.). 
The partitions are preferably rigid, but may be semi 

rigid (metal which has been drawn but not tempered, 
for example) or ?exible (thin, tempered metal sheets). 
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Furthermore, the partitions may be relatively malleable in 
order to be able to conform very closely to any irregu 
larity in the packing layers of the exchange units. 
The partitions may be of metal or of any other suit 

able material. Their surfaces could also be subjected to 
any type of thermal, chemical or physical treatment, ap 
propriate to the nature of the ?uids with ‘which they will 
come in contact and to the conditions of the exchange 
reaction. 

Finally, the partitions could be attached to a more 
chemically inert material and, in this case, the layer of 
this material could be deposited by any appropriate 
means such as those utilized in electroplating (galvanizing, 
chromium plating . . .) vacuum deposition, spraying of 
a layer of alumina or other ceramic plating by means of 
a blow-tool, pyrolysis (carbon depositing), etc. The parti 
tions could also be attached to a layer of material which 
will give them properties of a catalyst for any chemical 
reactions which it may be desired to produce in the ex 
change regions. In such a case, one may form on the parti 
tions, a deposit of alumina, powdered nickel, spongy 
platinum, etc. 

The characteristics of theoretical partitions as described 
above, apply equally well to the lowermost packing ele~ 
ment 8 of the column, which element is shown in FIG. 9. 
In this element, the sheets forming the active exchange 
layers 13 could have a relatively simple structure. Radially 
adjacent sections of these layers are separated by a spiral 
partition sheet 14 which is analogous to the spiral sheet 9 
previously discussed. Partition 14 has a lower edge 15 in 
the form of a drain whose width increases and whose 
elevation decreases as one moves outwardly along the 
spiral. In other words, as FIG. 9 clearly shows, the lower 
edges 16 of layers 13 are situated above the lower edge 
of partition 14 and the drain 15 which forms this lower 
edge unwinds in the form of a descending helix following 
the surface of an imaginary cone 17 which descends to 
wards :the periphery of unit 8. This helical drain, or 
gutter, thus has a continuous slope and a continuously 
increasing ‘width as it descends, which arrangement per~ 
mits it to drain off the liquid phase under the best condi 
tions. Drain 15 empties over an annular collection sur 
face 18, formed in base 3 and communicating with an out 
let conduit 19, this arrangement serves to recover all of 
the drained, condensed liquid. 
The packing element 8 thus described can be utilized 

as a device for removing suspended liquid from a gaseous 
atmosphere at the base of a column such as that shown 
in FIG. 1, in the top of a boiler, as a decompressing stage 
in a petroleum cracking tower, etc. . . . 

It should be evident that the edges of the vertical parti 
tions could have differing con?gurations. These edges are 
situated, generally, in horizontal planes and their vertical 
lengths are made to be slightly less than that of their asso 
ciated packing materials (10 or 12) in order that the pack 
ing material of one unit extends slightly beyond their 
partitions in order to effect a good contact with the similar 
materials of any adjacent, contiguous units. 

In accordance with another feature of the present in 
vention, the vertical partitions of units 4 are combined 
with horizontal partitions constituted by distributing plat 
forms 5 and 6. In effect, despite the homogeneity of ele 
ment 4, a uniform distribution of the ?uid phases cannot 
be preserved inde?nitely, i.e., over a substantial height, 
by these elements alone; it is equally impossible to main 
tain the ?atness and horizontal orientation of the surfaces 
of equilibrium existing between the phases over an in 
de?nite height. 

In order to re-establish these desired conditions, dis 
tributing platforms 5 and 6 are disposed in the column 
so as to divide the units 4 into groups of several units 
each, the height of each unit corresponding to the maxi 
mum deterioration in uniform ?uid distribution which can 
be tolerated. These platforms permit, in addition to that 
which will be described below, the complete mixing of the 
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6 
two phases in order to permit each of them to be re 
distributed uniformly in the vertical regions situated 
above and below the platform. Such platforms can be 
used, not only with packing units, such as those described 
herein, but equally as well with columns containing other 
types of packing devices. 

FIGS. 6 and 7 show that each of the distribution plat 
forms 5, 6 or 7 is comprised of a plate 20 extending 
perpendicularly to the axis of the column and entirely 
across the region de?ned thereby. This plate is rigidly 
fastened to a rim element 21, extending above it so as 
to form a basin 22 in which liquid will accumulate until 
reaching a certain depth, which depth depends on the ?ow 
rate existing within the column. The rim element 21 only 
exists for the platform 5 while the same function is car 
ried out by the tubular element In, situated above the 
platform, for the interspersed platforms 6 and the upper 
platform 7 (FIG. 8). The liquid accumulated in basin 22 
intermixes so as to become uniform throughout its entire 
volume and is uniformly distributed to heat exchange unit 
4n-I-1, situated directly below the plate, by a plurality of 
holes 23 pierced in plate 20. The number, form, diameter 
and arrangement of holes 23 are determined experimen 
tally as a function of the operating conditions of the col 
umn. They must be arranged so that all of the holes sup 
port a ?ow when the column is operating at a minimum 
?ow rate and so that at maximum flow rates, the level of 
liquid in basin 22 will become stabilized at the level of 
the upper edges of funnels 24 rigidly and sealingly con 
nected in plate 20 in order to permit the upward passage 
of vapor. There is thus created a large reserve of liquid 
which will serve to eliminate many of the difficulties which 
might otherwise result if plate 20 were not perfectly hori 
zontal. This reservoir eliminates variations in the supply 
of liquid from one point to another along the plane of 
the plate, thus eliminating the major problem encountered 
from such an improper orientation of the plate. 

Each of the holes 23 arranged for the uniform redis 
tribution of liquid comprises a downwardly projecting 
nozzle which serves to correctly guide the liquid streams 
in a vertical direction and to prevent the liquid from 
adhering to the lower surface of plate 20. These nozzles 
thus produce liquid streams which are both stable and 
accurately controllable. 
The funnels 24 each present a large horizontal cross 

section for the passage of rising vapor and are uniformly 
distributed over the surface of plate 20, which arrange 
ment permits the plates to produce only a small pressure 
drop compared with that normally produced across the 
packing elements. These funnels are covered by cap 
means 25, which function to divert the liquid ?owing 
from the packing element 4n, situated thereabove, into 
basin 22 and to prevent this liquid from ?owing directly 
onto the packing element 4n+1. Thus, all of the liquid 
coming from element 411 is mixed with the liquid con 
tained in basin 22. The cap means 25 are maintained 
a ?xed distance above the upper ends of funnels 24 by 
two supports 26 and 27 which are sufficiently sturdy to 
insure that the cap means can easily support the packing 
elements 411, 411-1, 4n——2, etc., situated thereabove. In 
this way, the plurality of cap means 25 associated with 
each plate, form a well perforated ceiling for supporting 
the packing elements resting thereon. 

In the case of platforms 6 and 7 the plate 20 is inter 
posed between ?anges 2811 and 29n+1 (for platforms 6-) 
or between the ?anges of upper envelope 1.1 and head 
piece 2 (for platform 7). Impermeable seals 30 are dis 
posed between each plate and its associated ?anges and 
the assembly thus formed is ?xed by means of collars 
31, 32 and associated bolts (not shown; their location 
can be easily discerned from FIG. 8) or by any other 
suitable means. 

In the case of platforms 5, as is shown in FIGS. 6 and 
7, a toroidal washer 33, made of ?exible material, is dis 
posed around rim 21 and against plate 20. This joint is 



3,466,151 
7 

pressed down by a tubular sleeve 34 which is in turn 
urged downward by clamp means which tend to ?rmly 
force washer 33 against both plate 20 and the inner 
surface of envelope 1, so as to cause it to form an 
impermeable seal with these latter elements. These clamp 
means could be constituted, as is shown in these ?gures, 
by bolts 35 traversing plate 20 and the two arms of a 
U-shaped force transmitting element 36, the ends of these 
arms resting respectively against the upper edge of sleeve 
34 and the shank of bolts 35, the latter passing through 
a suitably shaped notch 37. The bolts 35 also permit 
bracing feet 38 to be attached to the lower surface of 
plate 20. These feet in turn rest on the packing element 
4n+1 situated therebelow. 
Whatever form the platforms 5 and 7 may take, their 

combination with the vertical partitioning of packing ele 
ments 4 assures the existence of the following conditions: 
The uniform distribution of the liquid phase, passing 

into the packing element situated directly below each 
platform; 
The uniform distribution of the vapor phase ascending 

into the packing element situated directly above each plat 
form; 
The homogenization of the liquid phase in the basin 

of each platform; and 
The homogenization of the vapor phase in the free 

space below each platform due to the fact that this 
space permits the creation of convection currents and 
pressure equalization in the gaseous phase which may aid 
in the transfer of material between the phases and in the 
distribution of these phases. 

This arrangement also facilitates the sampling of liquid 
from predetermined levelsvin the column by the drawing 
off of such liquid from the basins in the various plat 
forms. 

Moreover, these horizontal partitions form support sur 
faces for groups of packing elements and thus help to 
prevent the possible crushing of these elements under 
the weight of the uppermost elements. 
The present invention is, of course, not limited to the 

speci?c exemplary forms shown and described herein, 
since many variations and modi?cations would occur to 
one skilled in the art without departing from the spirit 
thereof. In addition, the use of the novel packing struc 
ture of the present invention is not limited to distillation 
columns, but may be incorporated in any type of column 
in which it is desired to produce a transfer of material 
between two phases or in any type of chemical reactor 
designed to place two or more phases of diverse types in 
contact in order to produce a chemical reaction. It should 
therefore be understood that the coverage of the present 
invention should be limited only by the scope of the 
appended claims. 
We claim: 
1. A column for producing an exchange between a 

plurality of ?uids comprising in combination: a tubular 
shell open at both ends; a plurality of packing elements 
through which said ?uids must pass disposed within said 
shell; each of said packing elements including a body of 
packing material in sheet form having a porous intricate 
structure, and at least one ?uid impermeable or semi 
permeable, longitudinal, vertically extending partition 
wall in contact with said material dividing it into a plu 
rality of vertically disposed thin longitudinal slices so as 
to suppress the radial components of the ?uids ?owing 
therethrough; at least one redistribution platform for re 
distributing said ?uids sealingly held in said shell below 
said packing elements and having means for supporting 
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said packing elements a ?xed distance above said plat 
form to thereby form a ?uid reservoir for ?uid between 
said platform and said packing elements. 

2. A device as recited in claim 1 wherein the surfaces 
of said partition wall are treated in accordance with the 
nature of said ?uids. 

3. A device as recited in claim 1 wherein said one 
partition wall is made from a malleable material so as 
to permit it to conform closely to the con?guration of 
said packing material. 

4. A device as recited in claim 1 wherein said one 
partition wall is made of porous material for permitting 
the diffusion of ?uids between adjacent ones of said slices 
of packing material. 

5. A device as recited in claim 1 wherein said one 
partition wall is treated so as to act as a catalyst for a 
chemical reaction between said ?uids. 

6. A device as recited in claim 1 further comprising 
a body of catalytic material supported on said partition. 

7. A device as recited in claim 1 wherein at least one 
edge of said partition wall is cut in an irregular manner 
in order to aid the ?tting together of adjacent packing 
elements. 

8. A device as recited in claim 1 wherein said partition 
wall is longitudinally shorter than its associated packing 
material for improving the contact between the packing 
materials of adjacent packing elements. 

9. A device as recited in claim 1 further comprising 
a plurality of sealed joints connected to a plurality of 
platforms disposed between said packing elements for 
attaching these platforms directly to said tubular shell. 

10. A device as recited in claim 9‘ wherein said plat 
forms disposed between packing elements comprise: at 
least one funnel having a large cross section for the 
passage of ascending ?uids; and cap means disposed at 
a distance above each said funnel for supporting said 
packing elements placed above said cap means and for 
diverting descending ?uid from said funnel. 

11. A column for producing an exchange between two 
?uids comprising: a tubular shell open at both ends; a 
plurality of packing elements through which the ?uids 
must pass disposed within said shell; each of said packing 
elements including a body of packing material having 
a porous intricate structure, and at least one vertical par 
tition wall in contact with said material dividing it into 
a plurality of thin longitudinal slices so as to suppress 
the radial components of the ?uids ?owing therethrough 
and at least one of said packing elements having a vertical 
partition which is longitudinally longer at one of its ends 
than its associated packing material and comprises at 
said end a helical gutter for recovering ?uid which has 
passed therethrough. 
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